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Abstract

Decoupling theenvironmental attributesof renewableenergy(RE)generation from
the physical unit of energy is an innovative mechanism for marketing greenor re-
newablepower. The introduction of ‘Tradable Renewable Energy Credits’ (TRECs)
allows the greenpower attributesto be sold or traded separatelyfrom the physical
unit of energy. Sincethe greenpower certificate systemremovespotential locational
and physical bottlenecks, both suppliers and consumersgain flexibility in the mar-
ketplace. TheTRECis alsoanefficient tool to meet‘RenewablePortfolio Standard’
(RPS)requiredby differentstatesin theU.S.Thispaperfocuseson thestatewiseRPS
requirementsanddiscussesthe implications of an integrated TRECmarket. It offers
a competitive setting to consumersto pay for renewable energyanda costeffective
tool to thrive renewableenergy generation, GraceandWiser (2002). This paper also
highlights somepractical difficultiesthatshould beaddressedin order to establish an
efficient integratedTRECmarket.
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1 Background

Deregulating the energy sectorandachieving the environmentalgoalsthroughreducing

greenhousegases(GHG) are the two dominanttrendsin the contemporaryU.S. energy

policy. The deregulation in energy sectorallows the consumersto buy power from the

providerof theirchoice.In orderto achieveenvironmentaltargetsin a liberalizedor dereg-

ulatedmarket (DOE, 1991 Public law, 1992), the designand implementationof policy

measuresand incentive schemesmust be compatiblewith this openmarket framework.

The incentive schemesthat have beenestablishedin the pre-liberalizationphasemay not

besuitable for theliberalizedmarket (JensenandSkytte 2002).On thebasisof costeffec-

tiveness,economists have beenadvocatingfor market-basedenvironmentalregulationsto

meettheenvironmental targets(suchmechanisms first discussedby Crocker 1966,Dales

1968etc.). As a market-basedtool, tradablerenewableenergy credit (TREC)4 hasgained

extensive interestin Australia,Europeandelsewhereto meettheenvironmental targetsof

renewableenergy generationin pastfew years. In U.S. too, the ideaof TREC is gaining

popularity. A numberof states(e.g.Arizona,Nevada,Texas,andWisconsinetc.)allow for

or requireTRECsto meetrenewableportfolio standard(SeeBerry 2002for moredetails).

This paperdiscussesthescopeandimplicationsof integratingTRECmarket basedon the

RPSrequirementacrossdifferentstatesin theU.S.It analyzesthepotentialgainin welfare,

thepracticalbarriersandvariousrisksassociatedwith this typeof market.

TRECsprovide morethanjust a costefficient renewableenergy system.TRECsspur

competitive technologyto generaterenewableenergy, createimpetuousto establishwider

spectrumof costeffective technologiesthat bring further economicbenefitsto the coun-

try. In U.S., in 1996thephotovoltaic industry generatedmorethan � 800millions in rev-

enuesand15000high quality jobs(manufacturing,engineering,sales,installation, servic-
4Sometimesalsomentioned as’certificate’insteadof ’credit’. In thispapernodistinctionis madebetween

thetwo.
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ing, maintenanceetc.) in 800 companies.Biomassbasedenergy generationhascreated

morethan66000jobs nationwide, � 1.8 billion in personalandcorporateincome,more

than � 460milli on in federalandstatetaxes.Eachyearthegeothermalindustrycontributes

about� 40million to U.S.treasury(NREL 1999).If theTRECsystemis mandatedthrough

theRPSit will widentheseeconomicbenefitsto a largeextent.

IntegratingtheTRECmarketalsohasimplicationsontheclimatechangeplanthatwas

offeredasanalternative to theKyoto protocolby the U.S. Theclimatechangeplancalls

for voluntarymeasuresto reducetherateof emissionandis in sharpcontrastto theKyoto

protocolwhichsetsmandatoryemissiontargets.PresidentBush’svoluntaryclimatechange

plansetsthe targetof reducing“greenhousegasintensity” by 18� in next 10 years.The

proposedintegratedTRECmarketcanbeusedto realizethis targetin thesamefashionthe

EU countriesusethegreencertificatesto meettheKyotoprotocol.5 Thealternativeclimate

changeplanstatesthat it will respondto broadmarket basedprogramif theUS is not on

trackby 2010to meetthetargetedgoal(PlattsGlobalEnergy 2002).We believe it will be

wiseto setup thebroadmarket basedprograms(e.g.,integratedTRECmarket) at present

ratherthanwait till 2010.

Theremainderof this paperis organizedasfollows. Section2 discussesthebasicfea-

turesof aTRECmarket. Section3 describestheAustralian,EuropeanandU.S.experience

with TRECmarket. Section4 discussesvariousissuesrelatedto integratedTRECmarket

suchasthescopeof integration, gainsfrom trade,practicaldifficultiesin integratingmar-

ketsacrossstates,statespecificRPSregulationsetc. Thefinal sectionprovidesdiscussion

andconclusions.
5CommonEU emissionreductionpoliciesandindividualGHGreduction targetssetby themembercoun-

tries are in the process of being implementedto meetthe Kyoto requirements(Morthorst 2003). Policy
makersareconsideringa tradable���	� permit market to achieve ���
� emissionreduction within thepower
industryandotherenergy intensiveindustries.Morthorst(2003) analyzescompetinginstitutionsto seewhich
oneis efficient in a situationwhereotheremissionpermitmarketscoexist with TRECmarket. He views that
a combination of international tradable permit market for ����� andan international TREC market will be
efficient in achieving national ����� reduction targetsif thetwo marketsarewell coordinated.
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2 The TREC Mark et and its BasicFeatures

TRECshave beensuggestedasa market basedinstrumentto reducethe emissionof the

greenhousegasescausedby the power generators.6 TRECsare usedto representthe

“greenness”of a unit of renewableenergy. The advantageof TREC is that it allows the

generatedunit of electricity to be divided into two parts: the physicalelectricity andthe

associatedgreenness.By separatingtheenvironmental attributesof renewableenergy gen-

erationfrom thephysicalunit of electricity, TRECallows thegreenpower attributesto be

sold or tradedseparatelyfrom the physical unit of energy (Mitchel andAnderson2000).

Sincethe TREC systemremoveslocationalandphysical bottlenecks,both suppliers and

consumersgain flexibil ity in the marketplace.Consumersneednot switch to an alterna-

tiveenergy generatorto purchaserenewablepowerandcustomersof theregulatedutilit ies

gain theability to purchaserenewablepower wherenonemaybeofferedby thehostutil-

ity or whereutility offeringsareconsideredinferior to therenewableenergy (RE) certified

product.

Literally TRECis a documentthroughwhich it is claimedthata unit of electricityhas

beenproducedfrom a renewableenergy (RE) source.Generatorsreceive a certificatefor

eachpredefinedunit of electricityproducedfrom theirREscheme.Allowing TRECwould

make a unit of energy generatedfrom renewableandnon-renewablesourceindistinguish-

able. If TRECsareallowed to meetRE obligation (e.g. RPSrequiredby several states),

renewableenergy generatorswill beableto earnrevenuenot only from selling thepower

but alsofrom sellingtheadditionalcertificates(TRECs).Figure1 explainsthis in further

detail.

Tradingthe environmentalattributesseparatefrom the units of energy helpsto avoid
6U.S.electricutilities areresponsiblefor 26
 of thenation’snitrogenoxideand64
 of thesulfurdioxide

emissions.It ranks first amongU.S.industriesemittingtoxicsaslistedin thefederal Toxic releaseinventory
andemitsmorethanthepaper, chemical,plasticsandrefiningindustriescombined (www.ucsusa.org).
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underlyingcomplexity of energy trading. First of all, establishing separatetransmission

network to supplyrenewableenergy distinguishablefrom traditionalfossil fuel baseden-

ergy would be very expensive. Secondly, in stateswherethereareno greenmarketers,

opportunities for bundledsaleof energy andenvironmentalattributeswould be limited.

Also, mostof theenergy marketsaremulti-scalein time. Theforwardmarkets(e.g. day-

ahead,hour-ahead,long term)aresettledaheadof time whereasthespotmarket is settled

in realtime. Decouplingof environmentalattributesallow theRECtransactionto carryon

its own schedule.If the environmentalattributesandenergy remainedbundled,the reg-

ulator would have to dealwith the delivery time andother, often complex issuesin the

energy trade. It would alsoreducethe uniform commodity natureof the energy trading

unit andmake it harderto evaluatein therealtimewhethertheenergy sourceis renewable

or not (Rackstrow andPalmisano,2002).In bilateraltransactionsandwhereall generators

areforcedto sell into spotmarkets,decouplingof environmentalattributesis essentialto

obtainthegreenpremium.

Figure1 comparesthebundled(a) andunbundled(b) transactionof energy andits en-

vironmentalattributes.Panel(a) showsa tradingstructurewherea renewableenergy plant

sellstheenergy andits environmentalattributesasa singlecommodity. In this case,if the

consumerwantsrenewableenergy, its hostutility hasto bea renewableenergy producer.

Thetradingstructureof Panel(b) allows therenewableunit of energy to besplit into two

components: a baseenergy unit anda REC unit which representsthe environmentalat-

tributesof therenewableenergy. Therenewableenergy producercansell thebaseenergy

andRECto differentsuppliers.In Panel(b), theproducerof renewableenergy sellsbase

energy to supplierA andRECto supplier B. Thisarrangementoffersconsumerstheoption

of buyingbaseenergy from any supplierthey chooseandyetcontributein theproduction of

renewableenergy by buyingREC.Thismightoccurwhenaconsumerwantsto buy renew-

ableenergy but its hostutility doesnothaveany renewableenergy plantandtheconsumer

5



doesnotwantto switchfrom thehostutility. In ourexample,consumer1 buysbaseenergy

from supplierA andRECfrom supplierB while consumer2 buysonly RECfrom supplier

B andhisbaseenergy from adifferenthostutility.

TRECsalsoprovide flexibili ty to the generatorswhenthey aremandatedto produce

a certainshareof electricity from renewablesources.The costof generatingrenewable

energy maysubstantially varyacrossgeneratorsdueto their location,limited supplyof re-

newableinputsandtheexisting technology. Thetradingof RECsallow thenon-renewable

generatorsto buy thecertificatesfrom a renewablegeneratorto meettherequirementin a

costeffectiveway. Wediscussthis topic in moredetailin section4. Extending thetradeof

RECsacrossstateswould furtherenhancetheflexibilit y to bothconsumersandproducers.

Thisalsoresultsin highereconomicefficiency to thesocietyasa whole.

Figure1 to goabouthere.

3 Experiencewith TREC Mark et in Australia, Europeand
U.S.

Australiawasthefirst countryto createa nationalrenewableenergy market usingtradable

certificates.Thepurchasersof wholesaleelectricityarerequiredto ensurethata percent-

ageof theelectricityboughtis from therenewablesources(Andrews2001).Thishasbeen

achievedthroughthecreationof aTRECmarket. In Europe,severalcountriesaresupport-

ing TRECtrading,notonly to ensurecompliancewith greenhousegasreductiontargetsor

renewableenergy obligations,but to serve voluntarydemandfor greenpower aswell. In

Netherlands,a voluntary RECmarket hasexistedsince1998.Danishmarket followedthe

footstepsof the Dutch market althoughthe Danishmodel is not exactly the sameasthe

Dutch.7 Certificatestradedin a separateandpurelyfinancialmarket areusedto cover an
7TheDutchsystemis voluntarywhereastheDanishsystemis obligatory for all consumersto buyacertain

shareof electricitygeneratedby therenewablesources,seeBird et al. 2002. However, notethat theDanish
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obligatory sharein theDanishmarket. All renewableenergy technologiesarecertifiedfor

producinggreenor renewableelectricityandissueda RECper unit of production, which

canbesoldto distribution companiesor otherelectricityconsumerswith theobligation to

buy renewableelectricity.

Somestatesin the U.S. usethe Renewable Portfolio Standard(RPS),a mechanism

thatrequiresutilit iesto maintain (in somecasesgraduallyincrease)aportionof electricity

producedfrom renewableresources.TheRenewablePortfolioStandard(RPS)is aflexible,

market-driven policy that canensurethe environmentalbenefitsof wind, solar, biomass,

andgeothermalenergy production(Beck et al. 2002). The RPSrequiresall electricity

generators(or electricity retailers,dependingon policy design)to demonstrate,through

ownershipof credits,that they have supportedanamountof renewableenergy generation

equivalenttosomepercentageof theirtotalannualkWhsales.Forexample,if theRPSisset

at 5� , anda generatorsells100,000kWhsin a givenyear, it would needto possess5,000

creditsat the endof that year. In order to maintainRPSwithout owning any renewable

generators,TRECs’ existenceis critical. The RPSrelies almostentirely on the private

market for its implementation. Suchregulation implementedthroughmarket will result

in competition, efficiency, innovation andwill deliver renewableenergy at a significantly

lowerprice.SeeMorthorst(2000,2001),NeilsonandJeppesen(2000,2003).

TradableRenewableEnergy Credits(TRECs)play a critical role in meetingthe RPS

requirement.At presentTexas,Arizona,WisconsinandNevadaallow for or requiretheuse

of TRECswhilesomeotherstatesarein theprocessof introducingTRECs(for moredetails

seeBerry 2002). A credit is a tradablecertificateof proof thatonekWh of electricityhas

beengeneratedby a renewable-fueledresource.Creditsaredenominatedin kilowatt-hours

(kWh) andareaseparatecommodity from thepower itself. AlthoughtheU.S.government

is just beginning to recognizetheTRECs’potential, severalcompaniesandorganizations

model is yet to befully implemented.
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have startedto offer TREC on experimental basis. PG� E’s National Energy Group is

sellingTRECfrom their New York wind farmthroughoutthenorthwestregion.8 TheLos

AnglesDepartmentof Water andPower is alsoselling TREC to the interestedparties.9

GiventhatmostRPSrequirementsaremandatoryratherthanvoluntary, ourdiscussion will

mainly focuson implicationsfrom a mandatoryRPSrequirementin an integratedTREC

market.

4 IssuesRelated to Integrated TREC Mark et

4.1 Trade AcrossStatesusing Integrated TREC Mark et

GiventhattheTRECmarket is gettingmoreprominencein theU.S.for renewableenergy

generation,this studyadvocatesanintegratedmarket for TRECthatwill allow thecredits

to betradedacrossthestates.Thiswill helpmeettheRPSstandardmaintainedby different

statesin a very costeffective manner. Table1 summarizesthe statusof REC tradingin

differentstatesin theU.S.Thefirst two columns show thestatesthatofficially allow REC

trading to meetmandatedRPSrequirement(inside the state). The third columnshows

whethera detailedprogramhasbeendesignedto operateREC trading. The last column

shows that threeout of ten statesrecognizethe out-of-stateresourcesto meetthe RPS

standardrequirements.

Table1 to goabouthere.

Whenonly in-staterenewableresourcesareallowedfor RPScompliance,thepriceof

tradablecreditsis determinedin a straightforward fashionthroughmarket interactionsof

thein-stateactors.In anintegratedmarket, thepriceof tradablecreditswill bedetermined

throughthemarket interactionsof thein-stateaswell astheout-of-stateactors.If suchan
8www.purewind.net
9www.ladwp.com.home/htp
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integratedmarketworkswithoutany imperfection,thelink betweenthepriceof electricity

andpriceof thecertificateswill bethefollowing:

�����������	�������

where
���	�

is themarginal costof certificate,
�����

is themarginal costof producing

energy from renewablesourceand
���

is themarket priceof energy. That is, thepriceper

unit of renewableenergy will be themarket-basedprice for physical power andtheprice

of thetradablegreencertificate.Competition acrossthestatein thecertificatemarket en-

suresthatthesupply pricefor greencertificatesreflectstheactualpricedifferentialbetween

renewableandnon renewablepower andthe price of the certificateswill be equalto the

MC of producingcertificates.Themarginal cost(MC) of producingthecertificatesvaries

acrossstatesdueto thedifferencesin theavailability of renewableinputs(e.g.wind, solar,

geothermal,hydro). A statewith a shortageof renewable resources(i.e. higherMC of

producingcertificates)canbuy certificatesfrom a statewith the surplusof renewablere-

sources(whereMC of producingcertificatesis lower). In this case,thestatewith shortage

of renewableresourcesfacesasupplyconstraint(notableto supplyenoughcreditrequired

to meettheRPS) andthestatewith abundanceof renewableresourcesfacesademandcon-

straint(notenoughdemandto sell additional creditsaftermeetingtheRPS).This is shown

in Panel(a) and(b) of Figure2. Panel(a) shows thatstateA is facinga demandconstraint

which resultsin a local priceof
��� andquantity ! �  . Similarly, Panel(b) shows thatstate

B is facinga supplyconstraint. Theprice in stateB is
�#" andquantity ! " . StateA has

lot of excesscapacitywhereasstateB hasexcessdemandof REC.Panel(c) shows theag-

gregateddemandandsupplycurves.If tradeof RECsis allowedacrossstates,theclearing

priceandquantitywould be
�%$

and ! �'& "$
respectively. StateA would export thesurplus

RECsraisingits domesticpriceandstateB wouldimport theRECsto overcomethesupply

constraintwhich lowersthepriceto
��$

. In this examplebothstateA andB gainfrom the

tradeandareableto meettheir RPSrequirement.Thesocietyasa wholebecomesmore
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efficient in providing renewableenergy by extendingthe TREC market beyond the state

boundaries.

Figure2 to goabouthere.

Figure3 shows the gainsfrom tradein a slightly differentway. It shows that if two

stateshave differentcoststructuresfor producingrenewableenergy, both canbenefitby

tradingthe RECs. In stateA, the marginal costof producingTREC is initially high but

goesdown gradually. This could be dueto high initial fixed costsfor renewableenergy

generators.On theotherhandin stateB, themarginal costof producingTRECis initially

low but risesat higherlevelsof production. Thiscouldoccurdueto shortageof renewable

resourcesin stateB. FromFigure3 it is easyto seethat if the total TRECrequirementin

stateA andstateB is lessthan ! � , e.g. !)( , it would be cheaperfor stateB to produce

all of !*( andsell partof it to stateA. Themarginal costof productionin stateA (
��� �( )

is higher than the marginal costof productionin stateB (
���+"( ). Similarly, if the total

TRECrequirementin higherthan ! � , e.g. !*, , it would becheaperfor stateA to produce

all of !*, andsell partof it to stateB. Themarginalcostof production in stateB (
��� ", ) is

higherthanthemarginalcostof productionin stateA (
���-�, ). However, if thetotalTREC

requiredis ! � , bothstateswouldbeequallyefficient in meetingtherequirement.

Figure3 to goabouthere.

4.2 Scopeof Integration and Gains fr om Trade

In the previous subsectionwe discussed differenthypothetical situations to demonstrate

the gainsfrom trade. Someonemight argue that this is not a true representationof the

availability of renewable resourcesin different statesof the U.S. To investigatethis we

look into theprice premiumsofferedby differentrenewableenergy certificatemarketers.

As Table2 shows, thepricepremiums vary from 1.6cent/kWhto 4 cent/kWh.Thelowest
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price premium(1.6 cents)is in Californiaandhighestprice premium(4 cents)is in New

York.10 This differencein premiumis not surprisinggiven that California hasplenty of

wind andwaterresourcesto producerenewableenergy whereasNew York hasonly limited

renewableresources.11 To meettheRPS(assumethatNew York andCaliforniahassome

RPSrequirement)both New York andCalifornia cangain from trading the TREC with

eachother. NotethattheRPSrequirementdoesnothave to bethesamein two states.The

differencein pricepremiumsmayappearnegligiblebut notethatthisdifferenceis perkWh

andboth thesestatesusemillions of kWh of energy. The differencein price premiums

couldoccurdueto severalotherreasonse.g. differencesin demandfor renewableenergy,

differencesin sophistication andmarket knowledgeof the buyersin voluntaryprograms,

differencesin costof conventional energy supply, differencesin utility pricing methods,

differencesin costsof variousrenewableenergy technologies anddifferencesin quality

of renewableenergy from placeto place.12 Futureresearchcandisaggregate factorsthat

influencethepricedifferences.Table2 showsthatthepricepremiumsofferedby thegreen

certificatemarketersvarysignificantlydependinguponthelocationandtypeof renewable

resourceused. This indicatesthe potentialfor integrationof the TREC markets across

differentstates.

Theempiricalanalysisof thesedifferencesacrossstatesis lackingbecauseof thedata

availability. Most stateshave eitherjust implementedor startedto considerimplementing

RPS.13 However differentfindingsindicatethat thecostof renewabletechnologiesvaries

considerablywithin andacrossthestates.14 On averagetheU.S.wind generatorsget10�
10Thevariation in pricepremiumsis gettingwiderasmore andmorecompaniesoffer renewablepower in

differentstates(for detailsseeSwezey andBird 2000).
11In 2001, New York had4577 MW of renewableenergy generating capacity, of which 4443MW was

hydro capacity.
12Theauthors would like to thankananonymous refereefor pointing thisout.
13Thefirst implementationof RPSwasin year2000andmostof theotherprogramsstartedbetween2001

and2003 (GDS2000).
14For instance,in Hawaii generatingelectricity from biomassrangesfrom 19-25 cents/kWh,whereasfor

wind it variesfrom 8-11cents/kWh(GDS 2000). In the California-Southern Nevadaregion, the leastcost
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advantageover naturalgasfueled generators.The costof generatingrenewable energy

from biomassis abouttwo timesmorethanwind andgascombustion turbines.Theoil fired

turbinesaretwo-threetimesmoreexpensive thannaturalgasfired ones.In theNorthwest

and Southwestregions, the cost of renewable energy generationis almost the sameas

California exceptfor biomass.The costof generatingrenewableenergy from biomassis

one-fourthlessexpensive in SouthwestandNorthwestthanin California(GDS2000).

There is also substantialdifferencesin the cost of conventional energy supply. An

earlieranalysisshowed that the averageelectricity pricesrangedfrom 3.7 cents/kWhin

Washingtonstateto 10.8cents/kWhin New York andNew Hampshire(Ando andPalmer

1998). Electricity pricesarehigherin statesthataredependenton nuclearandoil-fueled

plants(northeaststatesandin California,AlaskaandHawaii) comparedto northweststates

that have relatively cheaphydropower. In addition different stateshave differentutili ty

pricing system. The price differencesof certificatesacrossstatesmay be influencedby

thesefactors. Sophisticationof the market setby regulatoryauthority, differencesin de-

mandfor renewableenergy andthe information availableto thebuyersandsellersof the

certificatesmayalsoinfluencethepriceof thecertificates.

An integratedTRECmarketcanberationalizedevenif thedifferencein pricepremiums

is causedby factorsotherthandemandandsupplyof renewableenergy.15 This is because

integration will provide greatereconomiesof scalein implementingRPSregulation.16 In-

tegratedTRECsystemwill reducethepricefluctuationsof thecertificatesandwill resolve

someof theinstitutionaldifferencesmentionedbefore.

Table2 to goabouthere.

renewable technology is geothermalbut theavailablecapacityis limited.
15Pleasereferto thefactorsgivenat thebeginningof this section.
16For instanceNevada’s 1
 RPSrequirementis toosmallto establishasinglestateTRECsystem.
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4.3 How would the integrated TREC market work?

To effectively setup an integratedTREC market, an obligation or minimum requirement

of RE hasto be imposedat somepoint of power supply chain(production,transmission,

distribution or consumption). RPSis oneway of imposing this obligation. Somestates

have alreadyagreedto maintainthe RPSwhile othersare in the planningstages.In UK

theobligation hasbeenplacedon thesupplierswhile in Denmarkit hasbeenimposedon

theconsumers.In theU.S., in mostcases,it is on thegeneratorsanddistributors (Bird et

al. 2002).Usuallygovernmentis responsible for certifyingcredits,monitoringcompliance

andimposing penaltiesif necessary. For generatorsthatarenot in full compliancewith the

RPS,theadministrative agency would assessanautomatic penaltyfor eachcredit that the

generatorfailedto producebasedontherequirement.Theamountof thepenaltyshouldbe

severaltimesthecostof actualcredit.A highpenaltylevel makesthepolicy self-enforcing

by avoiding the needto resortto costly administrative and enforcementmeasures.For

instance,afterthefederal.�/10 allowancetradingprogram,anautomatic� 2,000/tonpenalty

(indexedto inflation) wasimposedfor eachexcesston of .2/*0 produced.Becauseof the

high penaltyassociatedwith noncompliance,the EPA hasnot beenrequiredto take any

enforcementactions.It hasbeenfarmoreeconomicfor powerplantsto complythanto not

comply.

Theregulationsetby thegovernmentor its agency specifiesthedetailsonhow to com-

ply, including: thetypeof renewableresourcesto use,time durationfor validity of credits

andotherrelatedcontractualtermsof agreement.Generatorsandutili tiesdecidefor them-

selveswhetherto invest in renewable energy projectsandgeneratetheir own creditsor

enterinto long-term/short-termcontractsto purchasethecredits. Only thebottomline is

enforced:possessionof a certainnumberof creditsat theendof eachyear. This way the

creditsystemprovidescomplianceflexibilit y andavoidstheneedto “track electrons”.17

17If therestrictionis imposedontheconsumers,all consumersof electricityacrossthestatesareobligated
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The market for TREC will function solely asa financialmarket; the only relationto

thephysical electricitymarketwill begiven by theupperlimit of certificates,whichcannot

exceedthe amountof electricity producedby the renewable technologies.The demand

for the TREC is givenby distribution companiesor otherconsumerswhereasthe supply

is determinedby the electricity generationfrom renewable technologies. Settingup the

RPSstandardis alsoa crucial thing to consider. The main objective of RPSis to foster

developmentof renewablecapacities.TheRPSstandardsubstantially affectstheintegrated

TRECmarket. If thestandardis too low, therealizedpriceof TRECsmight betoo low to

securedevelopmentof new capacity. On the otherhand,if the standardis too high then

theenergy generators/consumerswouldhave to payahighprice(penaltypayment)for not

fulfilling the standard.In that case,the tradingof TREC acrossthe stateswill draw the

TRECsfrom low standardstateto high standardstateaswell as from low price stateto

highpricestateasshown in ourmodel.Thepenaltypricefor non-compliancemustbekept

higherthanthemarket priceof TRECto provide incentive for developing new renewable

capacities.

4.4 RPSRegulationsAcrossDiffer ent U.S.States

Eachof thestatesin U.S.thatadoptedRPSlegislationhassomeuniquefeatures.Thesefea-

turesin mostcasesreflectstate’sspecificenergy supply situationandthetypesof renewable

resourcesthataretechnicallyfeasible(GDS2000).Thesizeof theRPSalsovarieswidely

acrossthe states,for instancethe RPSrequirementis 1� in Nevadaand30� in Maine.

Wiser (2000)providesanexcellentcomparative review of RPSacrossdifferentstates.In

to buy a certainshareof electricitygenerated by renewable technologies. Themajorpartof this consumer
demand will be coveredby the distribution companies,which will buy the electricity on behalf of their
consumers. Large energy buyersandotherconsumerswho do not buy energy from thedistribution utilities
(producetheir own energy or tradedirectly with the energy generators)will have to cover an equivalent
shareof their consumption with renewable energy. Perunit of electricityproducedfrom renewablesources
(per MWh) will get a credit (TREC), which canbe sold to distribution companies, electricity generators,
consumerswhoareobligatedto produceor usecertainfraction of renewableenergy.
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Maine, theRPSwasenactedwith theopeningof retail electricitymarket in March2000.

Therethe renewabletechnologyincludesfuel cells, tidal power, solar, wind, geothermal,

hydro, biomassandmunicipalsolid waste(under100 MW), andhigh efficiency cogen-

erationsystems of unlimited size. The RPSrequirementwasonly 30� of salesin 2000

althoughtheshareof renewableenergy generationwas46-51� of total energy. TheRPS

compliancecost in Maine is fairly low (0.1-0.15cents/kWhpremiumover conventional

resources).18

Texas is the first stateto introducecredit-tradingprogramwhich is administeredby

theERCOT ISO (independentsystemoperator).Therenewabletechnologyincludessolar,

wind, geothermal,hydro,wave, tidal, biomass,biomass-basedwasteproductsandlandfill

gas. The draft regulations require2000MW new renewablesby 2009. The facilities in-

stalledafter 1995areeligible for credit for producingabove the 2000MW requirement.

Theretailerswho do not have requiredamountof RECsarelevied a penaltyof � 50 MWh

or 200� of thecostof RECs.

In Iowa the “AlternateEnergy ProductionLaw 1983” wasrevisedin 1991to include

solar, wind, methanerecovery andbiomassasrenewabletechnologies.The law required

investor-ownedutilities (IOUs) to have 2� of 1999salesfrom renewable resources.In

2000, the Arizona CorporationCommission approved the “Solar and Environmentally

Friendly Portfolio Standard”,which allowed only the solar PV and solar thermalelec-

tric technologyto meetthestandard.Therequirementwas0.4� of distributedelectricity

by first January2001and1.1� from solarby 2007. In Massachusettssolar, wind, clean

biomassareconsideredrenewablebut hydro andmunicipalsolid waste(MSW) arenot.

TheMassachusettsDivision of Energy Resources(DOER) is moving aheadto implement

RPSandconsideringnot only to setup a penaltyfor noncompliancebut alsorequirethe

noncomplianttraderto makeup for theshortfall in futureyears.
18Thecurrentset-upin Mainedoesnot provide muchincentive to increaserenewablegeneration, it may

actuallyleadto a drop in renewable energy production.SeePorterandWiser(2000).
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In New Jersey, credit trading is jointly implementedby NJ Boardof Public Utilit ies

andNJDepartmentof EnvironmentalProtection.TheRPSis comprisedof two tiers:Class

I technologyincludessolar, wind, fuel cells, geothermal,wave, tidal energy, landfill gas,

sustainable biomassandclassII includesmunicipalsolid waste(MSW), hydrothatmeets

highenvironmentalstandards.TheRPSrequires25� of new unitsto berenewable.

Wisconsinis thefirst stateto adoptRPSwithoutopeningits marketto competition. The

renewabletechnologyin Wisconsinincludeswind, solar, biomass,geothermal,tidal, a fuel

cell thatusesa renewablefuel, hydrounder60MW. Thepresentrequirementsis 0.5� but

increasesto 2.2� by 2011.

In Connecticutthesuppliesareallowedto satisfytheRPSstandardthroughcredittrad-

ing. TheConnecticutlegislationdividestherenewabletechnologiesinto two classes:class

I technologiesincludesolar, wind, hydro,sustainable biomass,landfill gas,fuel cellsand

classII technologies includehydro, MSW (municipal solid waste),otherbiomass. The

ConnecticutDepartmentof Public Utili ty Commission (DPUC) enactedregulation that

RPSbebasedon energy ratherthancapacitythoughit waschangedbackto energy stan-

dardin thesameyear1999.

In Nevada50� of renewableenergy comesfrom solarand the rest50� comefrom

wind, biomass,geothermalin state.Thepresentrequirementsare0.2� in 2001which in-

creasesby 0.2� biannuallyandgoesupto 1� by 2009.AlthoughNevadais oneof thefirst

statesto approveRPSpolicy, it is yetto fully implementRPS.In Pennsylvania,energy from

thehydrosourcesis considerednon-renewable.TheRPSpolicy is imposedonautility-by-

utility basisanddiffers for eachutility serviceterritory. Theabove discussion shows that

thereis a wide variationin the RPSstandardacrossstatesboth in termsof requirements

andregulations.19 Hence,themainobstaclein setting upanintegratedTRECmarket is the
19For instance,Massachusettsdoesnot recognizehydro andmunicipal solid wasteasthe renewable re-

sourceswhereasthey arerecognizedin someotherstates.In Maine,theRPSrequirementtook effect when
theretailelectricitymarketopened in March2000. Ontheotherhand, WisconsinadoptedtheRPSregulation
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incompatibility of regulations. Theaccounting,verificationandcredibility issuesarelikely

to be resolved throughthe federalregulatoryintervention (e.g. EnvironmentalProtection

Agency, FederalEnergy RegulatoryCommission etc.).

4.5 Drawbacks,Barriers and AssociatedRiskswith Integrated TREC
Mark et

Settingup an integratedTREC market to allow tradeacrossthestateshassomepractical

difficulties. A numberof key issuesneedto beagreeduponby all theparticipatingstates.

Thestatesdonotnecessarilyrequireto setequalRPSstandardbut they needto setaunique

standardto claim thecreditsfor renewableenergy.20 A similar situation arisesin integrat-

ing sucha market amongEU countries.This is partlybecausethestandardof certification

schemesof differentcountriesis not necessarilycompatiblewith eachother. To address

this problem,in Europe,thereis aneffort underway to createa commonplatformfor cer-

tificatetradingatthecontinental level. Thegenerationinformationsystembeingdeveloped

in New Englandmayfulfill a similar functionfor thesix New Englandstates,but it is not

clearwhetherdifferentregionalsystems in theUSwill becompatible (seeFigueiredo2001

for moredetails).As in Europe,therewill eventually beaneedto harmonizesuchverifica-

tion systems. Settingup anintegratedTRECmarket is underway in EU countries(Skytte

2000),althoughdueto lack of direct federalcontrol,theEU situationis muchmorecom-

plex thantheU.S.Thelessonslearntfrom theEuropeanexperiencecanbevery helpful in

settingupanintegratedTRECmarket in theU.S.In Europespecificconcernsincludethat

TRECsfrom onecountrymight underminethe development of renewableenergy in the

purchasingcountry, andthat subsidized renewableenergy in onecountrycould compete

withoutopening its market to competition. For noncompliancealso,thekind of penaltyvariesacrossstates.
For example, mostof thestatesjust charge a fine for noncompliance,insteadin Massachusetts,in addition
to payinga fine,theshortfall needs to bemadeup in future.

20For example whatwill be thedefinition of renewableenergy (e.g. will largehydro be includedor not)
or whatwill be the time length for validity of thecredits etc. SeeGolove et al. 2000 for differencesin the
definitionof renewable energy setby differentstates.
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unfairly againsttheunsubsidizedrenewableenergy from anothercountry. Theseconcerns

will alsohave to beaddressedin theU.S.

Dueto thedirectlink betweentheenergy pricesandTRECprices,thepricefluctuation

at theenergy market will certainlyinfluencethecertificateprice. Giventhemarginal cost

of production, a low market price for a unit of energy will correspondto a high marginal

costof certificatesandvice versa. In addition, the variability in the supplyof renewable

resources(for instancedueto seasonalvariationin wind andsolarpower)maycauseinsta-

bility in theTRECmarket. It is importantthattheTRECmarket is designedin suchaway

thatsubstantial pricevariationscanbehandled.ExtendingtheTRECmarketbeyondstates

canreducethesefluctuationssubstantially. Theinterplaybetweenmarketswill dampenthe

price fluctuationof renewableenergy andresult in a morestableflow of revenueto the

investors. SeeGraceandWiser(2003),Lemming (2003)andBerry (2002).

Unbundling the physical unit of energy from the environmentalunits in an integrated

TRECmarket causestheoutof state/regionbuyersto payfor theenvironmentallyfriendly

generationwithout actuallyreceiving any local environmentalbenefits.21 Ingeniousways

of market integrationcanresolve this problemto someextent. (SeeMidttun andKoefoed

(2003),GraceandWiser (2002)). Section5 discussestheseoptionsin moredetail. Pro-

viding moreenvironmentalknowledgeto thepeopleandhighlighting theglobalnatureof

environmentalhazardscreatedby thegreenhousegasesmayalsoreducethelocalconcern.

4.6 Extent of Banking and Borr owing

The intermittentnatureof renewableenergy generationcanleadto high volatility in the

TRECmarket. Lemming (2003)discussestwo critical risk factorsthatinfluencethefinan-

cial risk for investorsof renewableenergy. Oneis fluctuationin productionandtheother

is imperfectinformation aboutsupplyanddemand.Lemming(2003)arguesthat fluctu-
21Sometimesit is hardfor theconsumersto acceptthe systemof buying creditsthat representthe green

attributesof energy producedin anotherstatewhile theirown stateis still producingenergy from fossil fuel.
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ationsin the renewable input tendto decreasethe shortrun financial risks involved with

investmentin renewableenergy dueto thenegativecorrelationbetweenthevolumesof re-

newableenergy generationandthe TREC price. The secondtype of risk arisesfrom the

unpredictability of thesupplyanddemandof theTRECs.Thedemandsideinformationis

relatedto futurepolicy uncertaintywhereasthesupplysideis linkedwith the intermittent

natureof the renewableenergy generation.The lack of supplyanddemandinformation

will causeinvestorsto demandahigherrisk premium.Lemming(2003)arguesthatregula-

tor canminimize thiseffectby beingtransparentanddisseminatingfuturepolicy andother

relatedinformation. Berry (2002)alsodiscussestheseissuesin detail.

The volatility in the TREC market canalsobe reducedif bankingandborrowing of

TRECs is allowed. One major questionhowever is how long the allowed time period

shouldbefor banking.Therearedifferentopinionsat thispoint. For instance,theGreen-e

Program requires“true-up” periodof oneyearandthreemonths for matchingrenewable

energy generationwith its sales(seeGreen-e2001). The Centerfor ResourceSolutions

(CRS2001)arguesthat thehighesteconomicvaluefor TRECswill be derived if owners

have the option to hold and resellTRECsanytime during a three-yearperiod following

its creation.Extensive bankingperiodis likely to redeemtheexpansionof renewableen-

ergy generationand may also createhigher transactioncost as it will complicatelegal

arrangementsandenforcementagainstconsumerdeception.Thedesireto bankcertificates

is expectedto beloweredastheTRECpricefallswith morerenewabletechnologyin place.

4.7 Institutional Reasonsfor Lack of Interr egionalTrades

Compatibility of regulation is amajorcomponentof anintegratedTRECmarket. In estab-

lishing anintegratedmarketfor TREC,theEuropeanUnionis facingasignificantchallenge

in termsof synchronizingandintegratingmultiple policy set-upfrom differentnationalreg-

ulatorybackgroundandresourceendowments(Midttun andKoefoed(2003)).In European
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context, Meyer (2003)arguesthata preconditionfor an integratedmarket is to have con-

sistentnationalrulesthatat leastprecludeunfavorablecompetition. EU hassetup a pilot

projectto obtainpracticalexperienceon internationaltradeof greencertificateson a lim-

ited scale(RECS1999).22 Underthis projectcertificateswill betradedbetweencountries

andat leastonethird of thetransactionof certificatesby theutilit ieswill needto beinter-

national.Undertheumbrellaof federalregulatoryframework U.S.canalsodesignsuchan

experimentalprojectat aninterregionallevel.

NielsonandJeppesen(2003)focusona few crucialpointsthatneedto beaddressedto

establishanintegratedTRECsystem.First,whattechnologiesandfuel resourceshouldbe

consideredeligible for certificates.Onestate’s exclusion of certaintechnologyimposesa

traderestrictionon anotherstate’s certificategeneratedby that technology. For example,

wind is consideredasarenewablesourcein Texasbut not in Arizona.Secondis harmoniz-

ing marketstabilizationmechanism.Differentstatesmayhavedifferentceilingsandfloors

to stabilize thepriceof certificates.Statesneedto agreeon a singlepricerestriction.The

samerule appliesfor determiningthepenaltyfor non-compliance.Otherwisethehighest

minimumandthelowestmaximum pricerestrictionwill dominatein theintegratedsystem.

Thevalidity of thecertificatesalsoneedsto beharmonizedacrossstates.Allowing trade

betweenone-yearvalid certificatesandfive-yearvalid certificatesis unfair. Thedifference

in thebankingandborrowing rulesalsorestricttradein thesamefashion.Third, stateregu-

lationsto stimulateor supportcurrentlyuncompetitive renewabletechnologiesmaydistort

thecompetitionandhenceshouldbestandardized.Finally, tradingof certificatesthatwere

generatedthroughvoluntary versusmandatoryrequirementshouldnot beallowed. In one

casethenon-complier facespenaltywhile in othercasehedoesnotwhichcomplicatesthe

pay-off from thetrade.SeeNielsonandJeppesen(2003)for moredetails.
22Theprojecthasdevelopedaco-operationbetweenagroup of utilities from Austria,Denmark, Germany,

Holland, Italy, Norway, SwedenandUK.
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5 Discussion and Conclusions

An integratedTRECmarket hasabroadappealasit helpsto lower thecostof meetingen-

vironmentalgoalsaswell asoffer flexibilit y andchoiceto its users.First of all it provides

thetechnicalflexibilit y - theTRECsystemintegratesdifferentrenewableenergy technolo-

gies,generatingat differenttimesandplaces.Secondis market flexibili ty - theTREC is

a tradableinstrumentthatcanserve theneedsof anincreasinglydiverseandsophisticated

market whereconsumersarefacingmorechoicesover theenergy they buy, andwho they

buy it from. Thedevelopmentof anintegratedTRECmarket will facilitatetheintegration

of renewableenergy into thederegulated,partiallyderegulatedandthenot yet deregulated

markets. At thesametime, it will economicallycompensatethe RE technologiesfor the

environmentalbenefitsthatthey generatecomparedto thepower productionfrom thefos-

sil fuels. Third thepolitical flexibilit y - TRECscanhelp the implementationof a variety

of policy instrumentsandallow economicintegrationat differentscales.Tradingsystems

couldwork at variousgeo-politicallevels.23 In theU.S.,an integratedTREC market will

offer ahighly efficient,flexible andcosteffectiveway to complywith RPS(similar typeof

conclusionhasbeendrawn by Andrews2001in Australianperspective).

In additionto thecostefficientwayof producingrenewableenergy, anintegratedTREC

systemprovideseconomiesof scalein regulation(seefootnote14). An integratedTREC

market will dampenthepricefluctuationscausedby the intermittentsupplyof therenew-

ableresources.A nationalor at leastregional certificatetradingsystemmayalsohelp to

easepolicy coordination problem(e.g.conflictbetweenenvironmental disclosureandRPS)

thattheindividualstatesarefacing.24

23For example, acrossthe member stateslike in U.S. or acrossthe countries like in EU, country groups
suchasScandinavia or theMediterraneanregion, or within technicalandtradingzonessuchastheNordPool
electricitymarket.

24PorterandWiser (2000) argue that a regional environmental certificatetradingprogrammay resolve
someof thepolicy conflicts. Potentialconflictscanbe whether the RECsarerecognized by stateenviron-
mentaldisclosurepolicies,how environmental disclosuretreatsoutof staterenewableenergy supply andthe
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However the integratedTREC systemdoesnot necessarilybenefitthe local environ-

ment,whichmakesregulatorsstringentaboutthecrossbordertransactionof environmental

attributes.Futureresearchshouldbedirectedto find ingeniouswaysto balanceboththein-

terests.Themulti-level marketstructuresuggestedby MidttunandKoefoed(2003)maybe

oneway to do this.25 They arguethata multi-level market structurewould simultaneously

facilitatescaleandscopeadvantagesin large global andregional marketswhile protect-

ing thelocal environmentthroughlocally tunedregulatorymechanisms.GraceandWiser

(2002)alsopropose“SuperMarketGeographicEligibility” conceptin transactingenviron-

mentalattributesacrossmarket boundaries.Accordingto this conceptseveralmarkets(or

states)areintegratedinto a supermarket which ensuresenvironmentalbenefitsinsidethe

regioncoveredby thesupermarket territory. For example,onesupermarket canbeestab-

lishedfor New York, New EnglandandPJM(Pennsylvania,New Jersey andMaryland).If

the RPSrequirementis lower thanthe currentshareof renewableenergy generation,the

renewableenergy generationmayevendeclinein theabsenceof RECtradingacrossstates.

This is likely to happenin Maine.

A numberof otherissuesalsoneedto beaddressedin theorganizationof anintegrated

TREC market. Theseincludethe variability of the fluctuatingrenewableresources(e.g.

seasonalvariationin the supplyof wind andsolarpower etc.), time lagsin capacityde-

velopmentandthe importanceof setting theharmonizedquotasandstandardin theshort

run and long run. If thesearenot handledproperly, integration stepsmight createhigh

instability in themarket. Hence,beforeswitching to a fully integratedsystem, it maybe

wiseto go throughanexperimentalphaseaswasdonein Europe(RECS1999).

interactionwith RPScompliance,differencesin RPSeligibility andhow it is examinedetc.
25They suggestthatrenewableplantswill beableto tradecreditsat local, regionalandglobal levels.
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Table1: Statusof RECTradingin U.S.3
State REC Trading Program Designed Out-of-state

Allowed and Allowed ResourcesAllowed343
Arizona yes no no (for wind)

Connecticut no no5 yes

Maine yes6 no yes

Massachusetts yes no yes

Nevada yes no7 no

New Jersey yes no yes(with restrictions)

New Mexico notaddressed no no

Pennsylvania notaddressed no unspecified

Texas yes yes yes(with restrictions)

Wisconsin yes8 no yes

9 - source:Wiseret. al. 2000.9:9 - resourcesincludeREC,tax rebatesandothergovernmentsubsidies.;
- left for privatemarkets.<
- maybeallowedbut PublicUtili ty Commission(PUC)decidednot to implement.=
- underdevelopment.>
- only for renewableaboveRPSstandard.
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Table2: RetailProductsOfferedby RenewableEnergy CertificateMarketers? (asof March
2002)

Certificate Retail Product Resources Location Price
Mark eters Name of Resources Premiums?4?
Bonnevil le GreenTags New wind, solar Pacific 2.0c/kWh

Environmental Northwest
Foundation
Community New Wind New wind Pennsylvania 2.5c/kWh

Energy Energy
LosAngeles GreenPower Wind, Wyoming, Minimum � 5

DWP for GreenLA landfill methane California contribution
Certificates

NativeEnergy Windbuilders New wind SouthDakota � 120annual
membership

PG� E PureWind New wind New York 4.0c/kWh
Corporation Certificates
Renewable AmericanWind 100� New wind Texas 2.5c/kWh

ChoiceEnergy
Renewable EcoChoice 90� Renewable, California, 1.8c/kWh

ChoiceEnergy 10� new wind Texas,other
SterlingPlanet SterlingPlanet Smallhydro, California 1.6c/kWh

GreenEnergy geothermal,biomass (20� premium)
SunPower Regen Biomass RhodeIsland, 3.6c/kWh

ElectricCorp. andsolar Massachusetts
Waverly Light IowaEnergy Wind Iowa 2.0c/kWh

andPower Tags

@ - Source:GreenPowerNetwork May 2002.@A@ - Largeusersmaybeableto negotiatelowerpricepremiums.
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